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al.	 2013)	 to	 slightly	 larger	 midi‐chromosomes	 of	 around	
50kb	(e.g.	Thomas	et	al.	2004).	
Furthermore,	 it	 is	 known	 that	 in	 some	 ciliates,	 the	 se‐
quence	order	within	some	genes	in	their	micronuclear	for‐
mat	requires	unscrambling	before	being	in	the	correct	mac‐
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Figure	1:	 A	 typical	Entodinium	 caudatum	 cell.	 The	macronucleus	
(Ma),	 micronucleus	 (Mi),	 contractile	 vacuole	 (CV)	 food	 vacuoles	







































The	method	 used	 for	 cellular	 extraction	 is	 summarised	 in	
Figure	3.	It	is	described	in	more	detail	below.	





man’s	 Salts	 Solution	D	 (6.4	 g/l	K2HPO4,	 5.5	 g/l	 anhydrous	
KH2PO4,	0.64	g/l	NaCl,	90	mg/l	MgSO4	∙	7	H2O	and	51	mg/l	




The	 larger	plant	 fragments,	which	had	passed	 through	the	
filter,	sedimented	to	the	bottom	of	the	funnel,	and	partially	
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it	 was	 decided	 that	 additional	 homogenisation	 was	
counterproductive.	
Homogenate	products	were	left	to	sit	at	4	°C	for	5	
hrs.	 Macronuclei	 settled	 at	 the	 bottom	 of	 the	 tube,	
whilst	many	smaller	components	remained	in	suspen‐
sion.	The	upper	phase	was	drawn	off,	and	the	pelleted	
material	was	 re‐suspended	 in	 10	ml	 of	MMA.	At	 this	
point,	cells	could	be	 incubated	overnight	at	4	°C	with	
no	noticeable	loss	of	macronuclei.	If	an	overnight	incu‐
















ing	 centrifugation,	 however	 none	 of	 these	 corre‐
sponded	 to	 an	 area	 of	 solely	macronuclei.	 1	ml	 frac‐
tions	were	drawn	off	–	with	numbering	starting	from	
the	top	of	the	tube.	Each	fraction	was	then	assessed	for	
numbers	 of	 macronuclei	 and	 smaller	 contaminating	
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between	 fractions	17	and	19	on	 the	Percoll	 gradient.	This	










































nating	 particles	 which	 could	 be	 identified	 using	 a	 micro‐
scope.	Attempts	to	apply	the	sample	to	the	Percoll	gradient	









was	 exerted	 by	 blowing	 CO2	 from	 above.	 Furthermore,	
where	samples	were	split	into	smaller	volumes	and	done	as	
a	 series	 of	 filtrations,	 the	 plasticity	 of	 the	 macronuclear	
membrane	allowed	the	macronucleus	to	pass	through	the	5	
µm	pores.	 In	 addition,	 following	 the	 homogenisation	 step,	




cell	has	 remained	 together.	The	 two	rounds	of	 sedimenta‐
tion	under	gravity	resulted	in	many	of	the	smaller	products	
of	 homogenisation	 remaining	 in	 suspension	 and	 not	 sedi‐
menting	 out.	 Typically	 this	 resulted	 in	 an	 increase	 in	 the	





microscope	were	macronuclei.	 As	 already	mentioned,	 this	
did	not	preclude	the	possibility	that	small	bacterial	cells	are	
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Separation	funnel	 2.5	x	108	as	ciliates 50% Ciliates	which	are	in	the	fraction	with	plant	debris	
are	excluded	in	the	interests	of	ciliate	purity	
Filtrate	 from	 100	 µm,	 60	 µm,	
and	30	µm	mesh	
8.6	x	107	as	ciliates 65% Many	of	the	ciliates	are	retained	on	the	surface	of	
the	meshes	 (particularly	 the	 30	 µm	mesh).	 How‐
ever,	 these	meshes	 should	 remove	any	 remaining	
plant	cells.	
Fraction	 on	 surface	 of	 20	 µm	
mesh	
6.0	x	107	as	ciliates 30% Some	 ciliates	 become	 trapped	 in	 the	 membrane,	
and	others	are	able	to	pass	through	even	a	20	µm	
mesh	
1000	g	centrifugation	 4.5	x	107	as	ciliates 25% Some	cells	do	not	reach	the	pellet,	but	centrifuging	
at	higher	speed	or	for	longer	time	increased	the	risk	
of	non‐ciliate	contamination	





Filtrate	from	10	µm	mesh	 3.0	x	106	 50% Some	of	the	free	macronuclei	are	trapped	on	the	10	
µm	 mesh.	 However,	 this	 step	 is	 necessary	 to	 re‐
move	intact	ciliate	cells	
First	gravity	sedimentation	 1.5	x	106	 50% Although	around	half	of	the	macronuclei	were	lost	
during	 sedimentation,	 the	 ratio	 of	 macronuclei:	
small	particles	was	enhanced	over	25	fold	
Second	gravity	sedimentation 1.0	x	106	 33% Although	macronuclei	were	lost	during	sedimenta‐
tion,	 the	ratio	of	macronuclei:	 small	particles	was	
enhanced	a	further	3‐4	fold	
Percoll	gradient	 5.0	x	105	 50% Although	around	half	of	the	macronuclei	were	lost	
during	centrifugation,	they	were	associated	with	a	

















database	 of	 macronuclear	 and	 micronuclear	 genes	 in	 spirotri‐
chous	ciliates.	Nucl	Acids	Res.	33:D396‐D398.	
Chen	TB,	Yi	ZZ,	Huang	 J,	Lin	XF.	 (2015)	Evolution	of	 the	germline	
actin	gene	in	hypotrichous	ciliates:	multiple	nonscrambled	IESs	at	
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